a process that still takes at least several weeks, if not months. In contrast, the modular-assembly method allows construction of hundreds of ZFNs in a few weeks using standard recombinant DNA technology. Furthermore, ZFNs made using OPEN thus far are largely limited to targeting GNN repeat sequences, where G is guanine and N is any base (that is, 5′-GNNGNNGNN-3′), which occur rarely in a given gene of interest. Ramirez et al. 1 also reported high failure rates of modularly assembled ZFNs at non-GNN repeat sites and 100% failure rate at sites free of the GNN motif. We note, however, that both Sangamo and ToolGen have achieved success without this bias, even with sites completely lacking the GNN motif 4, 8 .
Ramirez et al. 1 duly raised concerns about the high failure rates they observed with modularly assembled ZFNs, but we suggest that researchers interested in ZFN technology should not be discouraged from using the fast, easy-to-practice modular-assembly method and that there is a need for further studies using this method. We expect that the modular-assembly method will be improved when used by many scientists. For example, we found that not all zinc fingers were equally effective as modules for making functional ZFNs and that careful choice and use of reliable modules could improve success rates 4 . We believe that further studies testing diverse zinc fingers will lead to an understanding of capabilities and limitations of ZFNs and to an appreciation of the best approaches for ZFN design.
OPEN method, our direct comparisons suggest that OPEN is more efficient than modular assembly for engineering functional ZFNs. As researchers who have practiced both methods 2,3,5-7 , we have concluded that modular assembly requires as much (if not more) time and effort to use than OPEN when one considers the requirement to screen hundreds of largely nonfunctional modularly assembled ZFNs for cellular activity. Nonetheless, the Zinc Finger Consortium continues to make reagents and software for both modular assembly and OPEN available to academic scientists (http://www.addgene.org/zfc/; http://www. zincfingers.org/software-tools.htm). We believe that rather than attempting to improve the success rate of modular assembly, future efforts should instead focus on further simplification of selection-based techniques or development of more effective design-based methods that account for the context-dependent behavior of zinc-finger domains. 3% failure rate for ZFN pairs tested) . Similarly, for the tobacco SuRB gene 3 , we tested 32 zinc-finger arrays in vitro but identified only three with functional activity (91.6% failure rate for zinc-finger arrays tested). These data are consistent with our original predicted failure rates of ~94% and ~76% for modularly assembled ZFN pairs and zinc-finger arrays, respectively 2 . We believe that failure rates measured by numbers of zinc-finger arrays or ZFN pairs tested rather than by numbers of DNA sites targeted are more relevant statistics for potential ZFN users because these influence how many proteins must be modularly assembled and tested for each potential site.
We also respectfully disagree with various statements Kim et al. 1 make regarding oligomerized pool engineering (OPEN), a selection-based method for engineering zinc-finger arrays 5 . Kim et al. 1 contend that our recent report 3 shows that "modularly assembled ZFNs … outperformed ZFNs made using OPEN in terms of mutation frequencies" and that modular assembly and OPEN "resulted in genome modification at one out of four target sites" 1 . However, the ZFNs made by modular assembly and by OPEN in our study (ref. 3) were designed to recognize different DNA target sites, and therefore the conclusion of Kim et al. 1 is based on an indirect comparison. For the single site where direct comparison was possible, only the OPEN approach yielded functional ZFNs. In addition, we found in a different direct comparison of OPEN and modular assembly at five different target sites in the EGFP gene that ZFNs made using OPEN were active at four sites, whereas modularly assembled ZFNs were active at only one site 5 . Furthermore, the ZFNs made using OPEN outperformed the modularly assembled ZFNs at this one site. We believe that the higher activity and success rate of ZFNs made using OPEN is most likely due to the method's explicit consideration of the well-established context-dependent behavior of zinc fingers 2,5 , a parameter that is largely ignored in modular assembly.
Kim et al. 1 assert that "ZFNs made using OPEN thus far are largely limited to targeting GNN repeat sequences." However, ~40% (11 of 28) of the half-sites successfully targeted in endogenous genes by ZFNs made using OPEN to date actually contain one or more non-GNN subsites (Supplementary Table 1) . Furthermore, potential users of the ZFN technology should be aware that with both modular assembly and OPEN it is easiest to target sequences composed entirely of GNN subsites.
Kim et al. 1 further suggest that "careful choice and use of reliable modules could improve success rates" of modular assembly. However, given that our original Correspondence showed that modular assembly has considerably higher failure rates for target sites harboring one or more non-GNN subsites than for those composed solely of GNN subsites 2 , taking this approach could also substantially restrict the targeting range of the method.
In summary, we advise potential users to carefully weigh the effort required both to engineer and to validate ZFNs. Although modular assembly is simpler to perform than the selection-based
IntOGen: integration and data mining of multidimensional oncogenomic data
To the Editor: The use of high-throughput techniques has come to the fore in modern cancer research. Several projects collate and analyze multiple datasets from cancer gene studies [1] [2] [3] . The vast amount of oncogenomic data produced to date, together with data from new, large-scale projects such as The Cancer Genome Atlas 4 and the International Cancer Genome Consortium (http:// www.icgc.org/) provides two new challenges 5 : (i) biologically relevant integration of the information coming from heterogeneous sources and (ii) an intuitive visualization system to capture changes important to tumorigenesis (driver alterations).
